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The lead-free double perovskites have recently emerged as promising alternative material for solar cell
application. It exhibits encouraging optoelectronic properties, high environmental stability and low toxici-
ty. The double perovskite having two different cations are non-toxic alternatives. The double perovskite
Cs2AgBiBrs has good optical and electronic features. Therefore, it has been used for high-efficiency optoe-
lectronic devices. In this manuscript, we report optimization of active layer thickness of double perovskite
Cs2AgBiBrs for photovoltaic application. For the study, a device FTO/Ti02/Cs2AgBiBrs/Spiro-OMeTAD/Cu
was designed. The Solar Cell Capacitance Simulator (SCAPS-1D) was used for one dimensional simulation
and analysis. The active layer of 0.1 to 1 um was used for the study and PCE, Vi, Js. and FF were obtained
using simulation. The optimum active layer thickness was found to be between 0.20 um to 0.4 pm. The
maximum PCE of 3.78 % was found. The solar cell performance can be improvised further by optimizing
the defect density of the active layer. Also, the effects of ETL and HTL layer thickness can be further ob-
served for enhancement of PCE. Overall, the encouraging simulation results achieved in this study will
provide insightful guidance in replacing commonly used cancerous Pb-based perovskite with eco-friendly,
highly efficient inorganic perovskite solar cell.
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1. INTRODUCTION

The lead (Pb) based hybrid perovskite materials have
been used extensively for solar cells because of high power
conversion efficiency of around 25 %. The toxic property of
lead (Pb) creates a hurdle in fabricating the cells. General-
ly, a perovskite solar cell architecture consists of an elec-
tron transport layer (ETL) and a hole transport layer
(HTL) which in turn maximizes power conversion efficien-
cy (PCE) [1]. The volatility of the organic cation is consid-
ered to be a significant contributor to instability, which
should be improved using inorganic cations [2]. For these
reasons, the search for alternative inorganic perovskites
employing fewer toxic metals is of paramount importance
[3-5]. In this landscape, double perovskites have recently
emerged as particular promising alternatives exhibiting
encouraging optoelectronic properties, high environmental
stability, and low toxicity. In particular, the double perov-
skite Cs2AgBiBrs has been the subject of much fundamen-
tal material characterization and initial application in
photodetectors and photovoltaic devices [6-11]. In this
present work, we have studied the solar cell device with
Cesium based inorganic absorbing material Cs2AgBiBrs
for the best photovoltaic performance under the optimum
absorbing layer thickness. The titanium dioxide (TiO2) has
been used as ETL and Spiro-OMeTAD as HTL materials.

2. METHODOLOGY
2.1 Ziggurat of the Devices

The ziggurat of the PSC is shown in Fig. 1a. TiO2 has
been used as ETL and double perovskite (Cs2AgBiBrs)
material is used as active layer. The Spiro-OMeTAD is
used as HTL. The PSC has two interfacial layers. The
energy level of the device is shown in Fig. 1b.
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Fig. 1 - Device architecture (a), band alignment (b)

2.2 Simulated Parameters

SCAPS-1D is a one-dimensional solar cell capaci-
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tance simulator developed at University of Gent, Bel-
gium [12]. The material parameters used in this simu-
lation are listed in Table 1. The values were chosen
from literature and the previous simulation works [13-
17]. Electron and hole thermal velocities are kept con-
stant at 107 cm-s—! [18]. Neutral type and donor type
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defects are considered for HTL and absorber layer, re-
spectively. But for both ETL and window layer, accep-
tor type defects are considered. Absorber layer and ETL
have variable total defect density (INi), whereas HTL
has fixed N;. All interfacial layers have neutral type
defects and variable trap densities [18].

Table 1 — SCAPS-1D input material parameters used in the solar cell simulation [8-11]

Parameters Window layer ETL Absorberllayer . HTL
FTO TiO2 Cs2AgBiBrs Spiro-OMeTAD

Thickness, um 0.2 0.3 0.1-1 0.3
Bandgap (Ey), eV 3.2 3.23 2.05 3.0
Electron affinity (y), eV 4.4 4.26 4.19 2.45
Relative permittivity (e,) 9.0 9.0 5.80 3.0
CB effective density of states (IVc), cm—3 2.2-1018 2.0-1018 1.0-1016 2.2-1019
VB effective density of states (IVy), cm —3 1.8-1019 1.8-1020 1.0-1016 1.8-1019
Electron mobility (1), cm2-V-1. g-1 20 4 11.81 2.0-10-4
Hole mobility (1), cm2V-1.g-1 10 2 0.49 2.0-10-4
Donor density (Ng), cm—3 1.0-1018 6.0-1019 1.0-1019 0
Acceptor density (IVa), cm—3 0 0 1.0-1019 1.0-1018
Defect density (Vy), cm —3 1.0-1015 1.0-1018 9.1-1016 1.0-1014

3. RESULTS AND DISCUSSION

3.1 Effect of the Thickness of Active Material
Layer

The thickness of the active material layer is a cru-
cial parameter to regulate the efficiency of a solar cell.
In order to find out the optimum thickness of the active
layer, it is varied from 0.1 um to 1 um while keeping
the other material parameters constant. The QE, FF,
Voe, and Jsc are simulated against varying active layer
thickness (Fig. 2). From the J-V characteristics, the Jsc
and Vo can be found out directly. The active layer
thickness studied for simulation is varied from 0.1 to
1 um with 0.1 um step. It has been found out that the
thickness of the double perovskite active material
should be less than the electron diffusion length [19].
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It causes the electron and holes to reach the respec-
tive electrodes to generate the power. Thus, increasing
the layer thickness causes more light absorption and as
a result higher Js, Vo, PCE, maximum power genera-
tion can be obtained [20]. As a result, some of the pho-
to-generated electron-hole pairs recombine at the back
contact, leading to decrement in the back contact re-
combination current density with every increment of
thickness of the absorbing layer. It is evident from
Fig. 2a and Fig. 2b that the parameters Jsc and PCE
increases with the increase in the thickness of the
Double Perovskite absorber layer (Cs2AgBiBre) initially
and reaches its peak value between 0.2 pm and 0.4 um.
But further increase in the thickness of the absorber
layer, it could be seen that the values of Js. and PCE do
not increase.
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Fig. 2 — J. vs thickness (a), 77 vs thickness (b), FF vs thickness (c), V-J characteristics (d), QE vs 4 (e)
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This may be due to increase in the carrier diffusion
lengths. Also, the generated electron and hole pair can-
not reach to the space charge region during their life
span and leads to bulk recombination of carriers
[21, 22]. A thicker layer can absorb more photon as a
result higher conversion efficiency is expected with an
active layer optimized between 0.2 and 0.4 um for better
performance of the solar cell and for higher PCE [23].
The PCE has reached a maximum value of 3.78 %. The
values of the maximum PCE dependent parameters are
Jse =6.737103 mA/cm?2, FF=29.88%, Voc=1.8782V.
The efficiency followed the shape of a bell curve with
increasing absorber layer thickness. The absorber layer
thickness with maximum PCE is found to be 0.2 um. In
Fig. 2d we present the J-V curves for each film thick-
ness. In Fig. 2e, the spectral response generation with
different wavelength of the double perovskite absorbing
layer is shown. The efficiency of a solar cell is generally
quantified by internal quantum efficiency (IQE) and
external quantum efficiency (EQE, also known as clas-
sical efficiency). The EQE takes optical performance of
the solar cell along with the ration of charge generation
with respect to incident light photons. On the other
hand, the IQE is the ratio of electrons collected as photo
current to the number of absorbed photons of a particu-
lar wavelength. IQE will help predict the total current
generation under solar spectrum as well as the range of
solar spectrum utilized for power generation by the ac-
tive material [23, 24]. On the other hand, the classical
efficiency or EQE may be studied in future for detailed
analysis. The effect of light illumination wavelength
(from 200 to 700 nm light wavelength) on the perovskite
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active layer performance was studied. IQE is the part of
wavelength which is converted into the electron-hole
pair and collected as charge carrier from the active ma-
terial [25]. The double perovskite active layer gives
maximum quantum efficiency of 81.5% for 0.3 um
thickness of active layer, as shown in Fig. 2e. The best
spectral response was obtained from 380 nm to 600 nm.

4. CONCLUSIONS

In this research work, lead-free double perovskite
(Cs2AgBiBre) as the absorber layer is investigated
through SCAPS-1D simulation.

The configuration of the PSC is glass substrate/FTO/
Ti02/Cs2AgBiBre/Spiro-OMeTAD/Cu. The effect of ab-
sorber layer thickness on the PSC performance is dis-
cussed. The simulation results reveal that the active
material performance depends upon the thickness. The
optimal absorber layer thickness was found to be 0.2 pm
for the double perovskite Cs2AgBiBrs material. The best
spectral response for the double perovskite material
was found to be at 390 nm. This concludes that, the ma-
terial is active in visible region of the solar spectrum.
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JociigkeHHa TOBINUHU TA BHYTPIIIHBOI KBAHTOBOI €(p€eKTUBHOCTI MOABIIHOrO IIEPOBCKITHOrO
martepiany Ha ocHOBi Cs2AgBiBrs niia dporoenexkTpuanux nogarkis

S. Das, K. Chakraborty, M.G. Choudhury, S. Paul

Advanced Material Research and Energy Application Laboratory, Department of Energy Engineering,
North-Eastern Hill University (NEHU), Shillong, Meghalaya-793022, India

BeacBuHIleBl moaBifHI TEPOBCKITA HEIIOJABHO CTAJIX IEPCHEKTHBHAM AJbTEPHATHBHUM MAaTEPlasioM
JLJIsT 32CTOCYBAHHS B COHSYHHUX eJIeMeHTaX. BOHM MaioTh 00HAIIINBI OIITOEJIEKTPOHHI BJIACTUBOCTI, BUCOKY
€KOJIOTIYHY CTA0LIBbHICTh Ta HU3BKY TOKCUYHICTD. [0MBIMHMI ITEPOBCKIT, III0 Mae ABa PidHI KATIOHU, € HETO-
KCHYHOI0 asbrepHaTuBon. [loasiiiamii meposckit Cs:AgBiBre Mmae rapHi orrTiyHi Ta eJIEKTPOHHI XapaKTepu-
cruku. Tomy #0ro 3acTOCOBYBAJIN JJIsI BUCOKOe(DEKTUBHIX ONTOEJEKTPOHHUX IIPUCTPOIB. ¥ CTATTI MOBa e
IIPO OITHUMI3AIli0 TOBIIMHU aKTUBHOIO Iapy moasiiiaoro meposckity Cs:AgBiBre mist doroenexrpuammx
momatkiB. s mocmimkennsa Gyso poapobisieno mpuctpit FTO/Ti02/Cs2AgBiBre/Spiro-OMeTAD/Cu. Cumy-
JAaTop emMHOCTI coHsauHuX eeMeHTiB (SCAPS-1D) BukopucroByBa u IJiss OJHOBUMIPHOTO MOJIE/IIOBAHHS Ta
amasmiay. Jys mocsmiapxeHHS BUKOPUCTOBYBAIM aKTUBHUH map ToBmmHOWL 0,1-1 MeM, a suavenns PCE, Vi,
Jsc Ta FF orpumyBanu 3a qomomororo mogemoBanisa. OnruMaibHa TOBIIMHA AKTUBHOTO IIIAPY CTAHOBUTH BiJT
0,2 o 0,4 mxm. Marcumasibae sHauenns PCE Bussuiiocs pisaum 3,78 %. EdbexTuBHICTh COHNSYHUX eJleMeH-
TIB MOsKe OyTH IOKpAaIeHa JI0JaTKOBO MIISTXOM OITHMI3aIlii IMIHHOCTI Ted)eKTiB aKTUBHOTO mapy. B moma-
JIBIIOMY TaKO:K MoskHA crocrepiratu edexru ToBumuu mapis ETL ra HTL mis nokpamenus PCE. 3ara-
JI0M, OOHAIIAINBI Pe3yJIbTATH MOJEIOBAHHS, OTPUMAHI B JOCJTIIPKEHHI, HaJaIyTh KOPUCHI pPeKOMeHIaIni
I10/I0 3aMIiHU YACTO BUKOPUCTOBYBAHOTO IIKIJIJIMBOIO IIEPOBCKITA HA OCHOBI CBUHITIO €KOJIONIYHO YUCTUM, BU-
COKOe()eKTUBHUM HEOPTaHIYHUM II€POBCKITHUM COHSTYHUM €JIEMEHTOM.

Kmrouosi cnosa: SCAPS-1D, IMTogsiitumit neposcekit, Comaunnii etement, Qoroemexrpuyunnii, OmrruMisariis,
EnexTporHuit TpaHCIIOPTHUHN IIIap.
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